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1.0  INTRODUCTION 


Underwater  power  and  signal  cables  are  of  great  importance  to 
the  Navy.  In  most  cases,  split  pipe  systems  are  used  to  protect 
these  cables  from  damage  in  the  nearshore  and  surfzone  regions. 
However,  experience  has  shown  that  hardware  used  in  installing  these 
split  pipe  systems  is  often  unreliable.  Previous  attempts  to  improve 
the  hardware  have  been  confined  to  in-the-field  trial -and-error 
procedures  using  off-the-shelf  hardware. 

Under  the  sponsorship  of  the  Naval  Facilities  Engineering  Command 
(NAVFACENGCOM) , a project  was  undertaken  in  July  1974  by  the  Civil 
Engineering  Laboratory  (CEL)  to  develop  improved  hardware  and  methods 
for  the  maintenance  and  repair  of  existing  split  pipe  protected 
cables.  To  meet  this  objective,  CEL  investigated:  different  types 
of  fasteners  for  holding  the  split  pipe  together,  methods  for 
immobilization  of  the  cable,  and  methods  for  cathodically  protecting 
the  entire  system.  The  hardware  components  that  showed  promise 
during  laboratory  tests  were  then  used  in  a 300-foot-long  open  ocean 
test  installation  on  the  south  side  of  Anacapa  Island,  California. 
These  components  are  being  inspected  and  monitored  approximately 
semi-annually  for  a five-year  period. 

This  report  presents  the  results  of  the  test  installation  inspec- 
tions for  June  1977  and  April  1978;  the  second  and  third  inspections 
to  be  made  since  the  March  1976  installation  was  completed.  (Due 
to  adverse  winter  weather  conditions,  the  inspection  scheduled  for 
November  1977  was  not  accomplished).  Installation  procedures  and 
results  of  the  first  inspection  are  reported  in  reference  1. 


2.0  BACKGROUND 

To  determine  the  suitability  for  long-term  installations,  the 
candidate  hardware  components  were  installed  on  98  sections  of  split 
pipe  located  on  the  south  side  of  Anacapa  Island.  Details  of  the 
pipe  installation  and  hardware  description  are  given  in  Appendix 
A,  taken  from  reference  1. 

During  each  of  the  semi-annual  inspections,  the  following  items 
are  monitored: 

(a)  effects  of  cathodic  protection  on  the  entire  system 

(b)  amount  of  marine  growth  on  the  fasteners* 


* The  amount  of  marine  growth  observed  indicates  the  amount  of 
abrasion  present.  The  abrasive  effects  of  the  sand  driven  by 
the  local  surge  keeps  the  marine  growth  to  a minimum.  In 
addition,  large  amounts  of  marine  growth  will  increase  the  hydro 
dynamic  drag  on  a cable  installation,  and  thus  affect  the  design 
of  the  immobilization  system. 
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(c)  effects  of  hydrodynamic  forces  on  the  pipe  and  long- 
term performance  of  the  rock  bolt  immobilization,  and 

(d)  serviceability  and  corrosion  resistance  of  the  3 types 
of  fasteners. 

In  November  1976,  the  first  of  ten  planned  inspections  was  accomplished. 
The  results  of  this  inspection  revealed  numerous  broken  jumper  cables, 
resulting  in  the  loss  of  cathodic  protection  for  all  pipe  sections 
except  sections  45  through  78.  All  other  components  were  found  to  be 
in  good  condition.  Details  of  the  first  inspection  are  discussed 
in  Appendix  B,  also  taken  from  reference  1. 

3.0  EFFECTS  OF  CATHODIC  PROTECTION 

3.1  June  1977 

Visual  inspection  of  the  pipe  installation  in  June  1977  revealed 
that  numerous  jumper  cables  were  missing  despite  repairs  to  the 
jumpers  during  the  November  1976  inspection.  This  was  primarily  due 
to  the  fact  that  the  hardware  selected  for  attaching  the  zinc  anodes 
and  jumper  cables  to  the  split  pipe  installation  was  mechanically 
inadequate  to  withstand  the  wave  action  of  the  open  ocean  environment. 
All  jumper  cables  were  broken  or  missing  between  pipe  sections  1 
through  12.  Additional  broken  jumpers  were  found  between  pipe  sections 
29  and  30,  34  and  35,  39  and  40,  41  and  42,  44  and  45,  60  and  61, 

36  and  87,  87  and  83.  Anodes  normally  connected  to  pipe  sections 
10  and  30  were  missing.  The  anode  connected  to  pipe  section  30 
was  replaced  during  this  inspection.  The  wire  connecting  pipe  section 
90  to  its  anode  was  found  broken,  but  reconnected  during  this  inspec- 
tion. 

Galvanic  potential  readings  were  taken  with  an  underwater  voltmeter. 
The  results  are  presented  in  Figure  1.  Note  that  pipe  sections 
43  through  77  are  the  only  sections  cathodically  protected.  The 
remaining  pipe  sections  are  unprotected  due  to  the  numerous  broken 
jumper  and  anode  cables. 

3.2  April  1978 

In  addition  to  the  jumper  cables  reported  broken  or  missing 
during  the  prior  inspection,  broken  jumpers  were  found  between  pipe 
sections  12  through  31,  and  33  through  45.  The  anode  cables  connected 
to  pipe  sections  10,  50  and  90  were  also  found  broken.  The  anode 
connected  to  pipe  section  30,  which  was  replaced  during  the  June 
1977  inspection,  was  again  missing.  The  only  remaining  working 
anode  was  located  at  pipe  section  70.  This  anode  was  weighed  in 
water  to  determine  the  amount  of  anode  consumption  These  data 
are  presented  in  Table  1. 
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Figure  1.  Cathodic  Protection  Potential 


Mm 


replaced  6/77,  missing  4/78 
broken  4/78 

reconnected  6/77,  broken  4/78 


Galvanic  potential  readings  were  again  obtained  over  the  entire 
pipe  installation.  Results  of  these  data  are  included  in  Figure 
1.  Note  that  due  to  further  jumper  cable  and  anode  failures,  only 
pipe  sections  60  through  73  are  cathodically  protected. 

Figure  2a  shows  an  example  of  a cathodically  protected,  BOM 
fastener  from  the  June  1977  inspection.  Figure  2b  shows  an  example 
of  a cathodically  protected  BOM  fastener  from  the  April  1978  inspection, 
after  25  months  of  submersion.  Note  in  comparing  these  figures 
that  there  is  little  or  no  sign  of  corrosion  on  the  fasteners. 


4.0  EFFECTS  OF  MARINE  GROWTH 

4.1  June  1977 

Visual  inspection  and  photographic  documentation  of  the  fasteners 
in  June  1977  revealed  only  moderate  amounts  of  marine  growth.  All 
fasteners  could  be  readily  identified  without  removing  any  growtn. 

In  areas  where  the  pipe  sections  crossed  predominately  sandy  bottom, 
the  fasteners  showed  very  little  or  no  marine  growth.  This  is  probably 
due  to  "abrasive"  effects  of  the  sand  driven  by  the  local  surge. 

4.2  April  1978 

Visual  and  photographic  inspection  of  the  fasteners  in  April 
1978  revealed  heavy  marine  growth.  In  many  cases,  the  type  of  fastener 
could  not  be  readily  identified  without  first  brushing  away  the 
growth. 

Figure  3a  shows  typical  marine  growth  encountered  in  June  1977. 

The  fastener  is  a Hi-Shear  bolt  located  on  pipe  section  53.  In 
comparison.  Figure  3b  shows  the  heavy  marine  growth  encountered 
in  April  1978.  This  fastener  is  also  a Hi-Shear  bolt. 


5.0  EFFECTS  OF  HYDRODYNAMIC  FORCES  AND  IMMOBILIZATION 

5.1  June  1977 

Inspection  of  the  installation  revealed  that  from  the  period 
March  1976  to  June  1977,  no  pipe  damage  was  suffered  from  hydrodynamic 
forces.  In  addition,  all  rockbolts  were  found  intact. 

5.2  April  1978 

Inspection  of  the  installation  revealed  that  from  the  period 
June  1977  through  April  1978,  the  pipe  installation  suffered  heavy 
damage  to  its  shore  end.  This  was  due  to  extremely  heavy  storm 
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Figure  2a.  Cathodically  protected  fastener  from  pipe  section 
57,  June  1977. 


Figure  2b.  Cathodically  protected  fastener  from  pipe  section 
71,  April  1978. 


Moderate  marine  growth  on  Hi-Shear  fastener  from 
pipe  section  53,  June  1977. 


Figure  3b 


Heavy  marine  growth  on  Hi-Shear  fastener  from 
pipe  section  80,  April  1978. 
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wave  forces.  Figure  4 shows  the  maximum  significant  wave  heights 
in  the  pipe  installation  area  for  the  winter  of  1978.  Pipe  sections 
2 through  10  were  dislodged  and  separated  from  the  rest  of  the  instal- 
lation. Only  pipe  section  1 remained  rockbolted  to  the  shore. 

All  pipe  sections  beyond  section  10  (at  a water  depth  of  10  feet 
out  to  42  feet)  remained  intact.  The  four  rockbolts  located  on 
pipe  sections  2 and  3 failed  to  hold  during  the  storm.  In  addition, 
the  Hi-Shear  fasteners  on  sections  2 through  10  failed  to  hold 
these  pipe  halves  securely  together.  A failure  analysis  of  the 
pipe  damage  is  discussed  in  section  7. 


6.0  EFFECTS  OF  CORROSION 

6.1  June  1977 

Visual  inspection  of  each  pipe  fastener  in  June  1977  revealed 
no  failures  due  to  excessive  corrosion.  Fasteners  that  were  not 
cathodically  protected  showed  signs  of  corrosion.  However,  there 
were  no  signs  of  loose  pipe  halves  due  to  corrosive  failures. 

6.2  April  1978 

Visual  inspections  of  April  1978  of  the  pipe  fasteners  for  the 
undamaged  sections  11  through  98  revealed  no  evidence  of  failure 
due  to  corrosion.  Close  inspection  of  the  damaged  pipe  sections 
2 through  10  revealed  that  the  primary  cause  of  failure  was  due 
to  corrosion  of  the  mild  steel  Hi-Shear  fasteners.  Section  7 gives 
the  failure  analysis.  Figure  5a  shows  a photograph  taken  in  June 
1977  of  a BOM  fastener  which  is  not  cathodically  protected.  Figure 
5b  snows  an  unprotected  BOM  fastener  taken  in  April  1978.  The  cor- 
rosion products  were  significantly  increased  during  the  10-month 
period  between  inspections. 


7.0  FAILURE  ANALYSIS 

In  May  1978,  seven  of  the  damaged  pipe  sections  2 through  10 
were  recovered  for  closer  inspection  and  failure  analysis.  Figure 
6 shows  four  views  of  the  damaged  installation  and  broken  pipe. 

Note  the  large  amount  of  tangled  wire  and  armor  from  the  exposed 
mul ti -conductor  cable.  Pipe  sections  2 through  5 were  found  intact 
but  severed  completely  from  the  rest  of  the  installation.  These 
sections  were  installed  with  stainless  steel  Hi-Shear  fasteners. 

Close  examination  of  these  fasteners  revealed  that  the  pipe  flange 
holes  had  enlarged  around  the  fastener  due  to  the  galvanic  interaction 
between  the  cast  iron  pipe  and  stainless  steel  fastener.  Although 
none  of  the  stainless  fasteners  were  missing,  the  pipe  halves  were 
loose  enough  to  allow  the  bell  end  of  section  2 to  open  and  slip 
off  pipe  section  1.  Figure  7 shows  the  gap  created  between  pipe 
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halves  due  to  the  fasteners  slipping  through  the  enlarged  flange 
halves.  The  combination  of  corrosion  and  high  winter  wave  loads 
was  enough  to  cause  the  rockbolts  to  fail  on  pipe  sections  2 and 

3.  Figure  8 shows  the  remains  of  two  recovered  rockbolts  in  which 
one  had  severed  and  one  had  pulled  out. 

Pipe  sections  6 through  10,  which  were  installed  with  mild  steel 
Hi -Shear  fasteners,  were  found  to  be  completely  disassembled  (refer 
to  Figure  6d).  The  majority  of  these  fasteners  were  missing  from 
the  pipe  halves.  Close  examination  of  the  recovered  fasteners  revealed 
that  corrosion  between  the  steel  pipe  and  steel  fastener  decreased 
the  diameter  of  the  flared  end  of  the  fastener  by  about  0.1  inches. 
Failure  occurred  when  these  fasteners  corroded  enough  to  slip  through 
the  pipe  flange  holes.  Figure  9 shows  the  mode  of  failure  for  the 
mild  steel  Hi-Shear  fasteners. 

In  addition,  it  was  noted  that  all  of  the  mild  steel  nuts  and 
bolts  in  pipe  sections  2 through  10  were  completely  missing.  They 
apparently  corroded  and  vibrated  loose. 

The  only  fasteners  that  remained  intact  were  the  BOM  fasteners 
which  were  installed  beginning  with  Section  11.  These  fastenrrs 
have  enlarged  swaged  ends,  which  resist  slippage  due  to  corrosion. 
Figure  10  shows  a comparison  of  the  enlarged  swaged  end  of  a BOM 
fastener  with  the  swaged  end  of  a Hi-Shear  fastener. 

Table  2 lists  the  experimental  fasteners  (in  order  of  mechanical 
integrity)  along  with  their  failure  modes  after  25  months  of  testing. 


8.0  CONCLUSIONS 

1.  Results  to  date  indicate  that  the  cathodic  protection  system, 
where  it  remained  intact,  provides  sufficient  protection  for  the 
pipe  sections  and  fasteners.  The  average  anode  consumption  rate 
was  found  to  be  0.81  pound  per  year  per  pipe  section. 

2.  Failure  analysis  has  shown  that  both  split  pipe  and  fastener 
(whether  mild  steel  or  stainless  steel)  must  be  cathodically  protected. 

3.  The  exposed  jumper  and  anode  cables  are  identified  as  the 
system  components  most  susceptible  to  damage.  Once  the  cables  are 
broken,  the  cathodic  protection  is  lost,  and  corrosive  failure  follows. 

4.  Due  to  its  enlarged  locking  swaged  head,  the  BOM  fastener 
was  found  to  be  mechanically  superior  to  the  Hi-Shear  fastener  in 
resisting  corrosive  loosening. 

5.  Without  cathodic  protection,  the  BOM  fastener  appears  to 
maintain  its  mechanical  integrity  longer  than  any  other  type  fastener 
used  to  date  - including  stainless  steel  nuts  and  bolts. 
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Figure  7 


Gap  in  pipe  halves  due  to  slippage  of  Ili-Shear 
stainless  steel  fasteners. 


Figure  8.  Recovered  rockbolts 
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APPENDIX  A 


LONG-TERM  TEST  INSTALLATION  (MARCH  1976) 

Based  on  the  results  of  the  Laboratory  and  harbor  tests,  the 
following  hardware  components  were  selected  for  long-term  testing: 

Fasteners Huck  BOM 

Hi  Shear  Stainless  Steel 
Hi  Shear  Mild  Steel 


Immobilization Philips  Wedge  Masonry  Anchor, 

5/8-in.  diam.  x 12  in.  long. 

Cathodic 

protection Sacrificial  anode  consisting  of: 

five  75-lb  zinc  anodes 
99  jumper  cables 


Coal  tar  epoxy  coating  on  split  pipe 

To  determine  the  suitability  of  these  candidate  system  components 
to  perform  effectively  in  an  actual  split  pipe  installation,  a 300-ft- 
iong  test  section  was  installed  that  will  be  inspected  semiannually  for 
a 5-yr  period.  This  installation  serves  two  purposes.  First,  it  provides 
an  opportunity  for  military  divers  to  install  split  pipe  using  the  new 
hardware  and  tools,  and  second,  it  provides  an  opportunity  to  observe 
the  condition  of  the  candidate  hardware  over  a long  period  when  subjected 
to  the  open  ocean  environment. 

Site  Selection 

The  te^t  site  selection  was  based  on  the  following  criteria. 

(1)  The  site  should  be  close  enough  to  Port  Hueneme  to  allow 
semiannual  inspections  without  high  deployment  costs. 

(2)  Because  of  the  short  length  of  the  test  section  (30C  ft), 
a steep  depth  gradient  is  desirable. 

(3)  The  area  should  be  predominantly  rock  to  allow  full  evaluation 
of  the  immobilization  system. 
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(4)  The  site  should  be  protected  to  allow  for  installation  and 

inspection  by  divers,  but  it  should  be  subject  to  the  effects 
of  winter  storm  conditions. 


(5)  Underwater  visibility  should  be  at  least  30  ft  to  allow  for 
photographic  documentation. 


The  selected  site  is  located  on  the  south  side  of  Anacapa  Island  at 
coordinates  34°0'15"N  latitude,  li9°23'30"W  longitude.  After 

preliminary  selection,  the  site  was  surveyed,  and  the  following  conditions 
were  found: 


Bottom  material  Vesicular  Basalt,  80%;  Sand,  20% 


Depth  gradient 14%  Slope  (0  to  -42  ft) 


• Visibility 30  to  90  ft 


• Swell Minimum,  1/2  ft 


Maximum,  8 to  10  ft 
(late  summer  and  fall) 


Installation 


The  actual  installation  was  accomplished  in  six  phases:  (1)  mooring 
installation,  (2)  assembly  of  75  ft  of  split  pipe  on  warping  tug,  (3) 
deployment  of  cable  and  first  75  ft  of  split  pipe,  (4)  deployment  and 
assembly  of  remaining  225  ft  of  split  pipe  by  divers,  (5)  installation 
of  rock  bolts  and  anodes,  and  (6)  inspection  and  documentation. 


Because  of  the  heavy  surge  conditions  that  exist  near  shore,  the 
first  75  ft  (25  sections)  of  pipe  were  assembled  around  the  cable  on 
board  the  CEL  warping  tug.  A 12-in.  H-beam  was  first  tack-welded  to 
the  deck,  and  the  pipe  and  cable  were  assembled  in  the  upper  channel 
This  served  to  stabilize  the  pipe  during  transit  to  the 
test  site,  and  it  also  acted  as  a guide  during  deployment  of  the  pipe 
and  cable. 


The  bolting  sequence  for  the  first  25  sections  was: 


Section  No. 


Type  of  Bolt 


No.  of  Rock  Bolts 


1 

Mild  Steel 

2-5 

Hi  Shear 

Stainless 

6-10 

Hi  Shear 

Mild  Steel 

11-15 

Huck  BOM 

16-20 

Hi  Shear 

Stainless 

21-25 

Hi  Shear 

Mild  Steel 

2 

4 

0 

2 

0 

0 


This  phase  of  the  installation  also  allowed  all  of  the  tools  and  power 
sources  to  be  checked  out  prior  to  deployment  and  the  divers  to  famil- 
iarize themselves  with  the  tools  and  their  operation  prior  to  using  them 
in  the  open  ocean. 

After  the  split  pipe  and  cable  had  been  deployed  at  the  test  site, 
the  remaining  225  ft  of  split  pipe  were  assembled  on  the  seafloor  by 
d ivers. 


The  procedures  used  for  assembling  the  test  installation  were: 


(1)  One  type  of  fastener  was  to  be  used  for  five  consecutive 
split  pipe  sections. 


(2)  Sequence  of  fasteners:  Huck  BOM,  Hi  Shear  Stainless  Steel, 
and  then  Hi  Shear  Mild  Steel. 

(3)  Bolt  holes  no.  5 and  no.  6 would  not 
contai.i  fasteners  (Rock  bolts  would  be 
insta.ed  during  the  immobilization 
phase  of  the  installation) 

(4)  .Jumper  cables  were  to  be  connected  between  sections  of 
pipe  using  bolt  holes  no.  1 and  no.  7. 

The  rock  bolts  were  always  installed  in  pairs  in  holes  no.  5 and 
no.  6 in  the  split  pipe  flange.  This  prevented  the  pipe  from  twisting 
and  applying  a bending  load  to  the  bolt.  The  bolt  pairs  were  to  be  in- 
stalled in  every  sixth  section  of  pipe;  however,  the  presence  of  sand  and 
loose  rocks  in  some  areas  precluded  absolute  adherence  to  this  spacing. 

Five  anodes  were  attached,  one  each  to  sections  10,  30,  50,  70,  and 
90.  A 20-ft-long  cable  connected  each  75-lb  zinc  anode  to  the  pipe. 

The  anodes  were  placed  as  far  from  the  pipe  as  possible  and  in  a rocky 
area  where  they  wouldn't  be  covered  with  sand.  After  the  rock  bolts  and 
anodes  were  installed,  all  of  the  remaining  flange  holes  were  filled 
with  mild  steel  nuts  and  bolts  and  Hi  Shear  fasteners.  Table  A-l  lists 
the  position  of  the  fasteners  in  each  pipe  section. 


no.  no,  no.  no. 
13  5 7 


».  * -£^i 

/•  • • 


no.  no.  no.  no. 
2 4 6 8 
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Table  A-l.  Position  of  Fasteners 


Section 

Flange  Moles 

1-4, 7, 8 

5 

6 

i 

MB 

RB 

RB 

2 

MB 

RB 

RB 

3 

MB 

RB 

RB(1.) 

4 

MB 

MB 

MB 

5 

MB 

MB 

MB 

6 

MG 

MB 

MB 

7 

MG 

MB 

MB 

8 

MG 

MB 

MB 

9 

HG(2L) 

MB 

MB 

10 

11 

MG 

BOM 

MB 

BOM 

12 

BOM 

MB 

MB 

13 

BOM 

MB 

MB 

14 

BOM 

MB 

MB 

15 

BOM 

RB 

KB 

16 

MB 

MB 

MB 

17 

MB 

MB 

MB 

18 

MB 

MB 

MB 

19 

MB 

MB 

MB 

20 

MB 

MB 

MB 

21 

MG 

MB 

MB 

22 

HG 

MB 

MB 

23 

MG 

MB 

MB 

24 

HG 

MB 

MB 

25 

HG 

MB 

MB 

26 

BOM 

MB 

MB 

27 

BOM 

MB 

MB 

28 

BOM 

RB(I.) 

RB 

29 

BOM 

MB 

MB 

30 

BOM 

MB 

AN 

Flange  Holes 

1-4, 7, 8 

5 

6 

1 1 B(  1 ,4L), 
3MB, 7MB 

IIB(7I.) 

MB 

HB(3L) 

HB(2L) 

HG(2L) 

MG 

HG 

!IG(1,2L) 

HG(1L) 

BOM 

BOM 

BOM 

BOM 

BOM 

MB(1L) 

HB(2,7L) 

HB(4L) 

MB(7L) 

MB 

MG 

hg 

MG 

MG 

MG 

BOM 

BOM 

BOM 

BOM 


Table  A-l 


Continued 


Section 

Flange  Holes 

Section 

1-4,7, 8 

5 

6 

1-4,7, 8 

6 

60 

BOM 

HGL 

HB 

79 

HB(4L) 

RB 

RB 

61 

I IB 

RB 

RB 

80 

HB 

IIB 

HB 

62 

HB(2,3,7L) 

HB 

HG 

81 

IIG 

HB 

IIB 

63 

IIG 

HG 

IIG 

82 

HG 

- 

- 

64 

HB(7U 

- 

- 

83 

HG 

HB 

HB 

65 

IIB(8L) 

IIG 

HB 

84 

HG.1SB 

- 

■ 

66 

HG 

HG 

HB(L) 

85 

BOM 

IIB 

67 

HG 

HG 

HB 

86 

BOM 

HB 

68 

HG 

HG 

HG 

87 

BOM 

RB 

69 

HG,1MB(L) 

HG 

HG 

88 

BOM 

HB 

70 

HG.IMB(L) 

- 

AN 

89 

1,2, 3,7, BOM 

HB 

1 

71 

BOM 

HG 

HG 

90 

HB 

HB 

AN 

72 

BOM 

HB 

HG 

91 

HB(1L) 

HB 

HB 

73 

BOM 

HB 

HG 

92 

HB 

- 

- 

74 

BOM 

- 

HG 

93 

HB(1L) 

- 

- 

75 

BOM 

RB 

HG 

94 

HG 

- 

HB 

76 

HB 

- 

HB 

95 

HG 

HB 

HB 

77 

I1B,  1MB 

- 

- 

96 

HB 

HB 

I1B 

78 

HB(4,7,L) 

HB 

HB(L) 

97 

HG 

MB 

HB 

98 

HG 

RB 

RB 

BOM 

Huck  fastener 

MB  - 

Mild  steel  nut  and  holt 

SB 

Stainless  steel  nut  and  bolt 

<L)  - 

Fastener  loose 

HB 

Hi  Shear  stainless  steel 

RB 

Rock  holt 

HG 

1 li  Shear  mild  steel 

AN 

Anode  attached  with  stainless  nut  and  bolt 

no.  no.  no.  no. 
13  5 7 

, \»  l l 5^ 

, 

no.  no.  no.  no. 

2 4 6 8 
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APPENDIX  B 


SEMIANNUAL  INSPECTIONS 


In  November  1976,  the  first  of  ten  semiannual  inspections  was 
conducted.  Visual  inspection  of  the  installation  revealed  that  numerous 
jumper  cables  had  been  broken.  All  the  jumpers  were  broken  or  missing 
between  sections  1 and  35.  Additional  broken  jumpers  were  found  between 
sections  44  and  45,  60  and  61,  and  77  and  78.  The  wires  connecting  the 
anodes  to  the  pipe  at  sections  10,  30,  and  90  were  broken,  and  the 
anodes  connected  to  sections  10  and  30  could  not  be  located.  The  three 
anodes  that  were  found  were  weighed  in  the  water  to  determine  the  amount 
of  anode  consumption.  These  data  are  presented  in  Table  B-l . 

Galvanic  potential  readings  were  obtained  with  an  underwater  volt- 
meter; the  results  are  presented  in  Figure  B-l.  Because  of  the  numerous 
broken  jumpers  and  disconnected  anodes,  only  sections  45  through  78  are 
being  protected. 


Table  B-l.  Anode  Consumption  Rate 


Section 

No. 

Original  Weight 
(lb,  in  water) 

Weight  After 

Six  Months 
(lb,  in  water) 

Weight 

Loss 

(lb) 

No.  of 

Sections 

Protected 

Average 
Annual  Loss 

Per  Pipe- 
Section 
(lb/jr) 

10 

64 

- 

- 

— 

— 

30 

64 

- 

- 

- 

- 

50 

64 

57 

7 

15 

1 

70 

64 

53 

9 

19 

1 

90 

64 

62 

2 
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MITCHELL);  Berkeley  CA  (Dept  of  Naval  Arch.);  Berkeley  CA  (E.  Pearson);  DAVIS.  CA  (CE  DEPT.  TAYLOR); 
La  Jolla  CA  ( Acq.  Dept.  Lib.  C-075A);  SAN  DIEGO,  CA.  LA  JOLLA.  CA  (SEROCKI) 

UNIVERSITY  OF  DELAWARE  LEWES.  DE  (DIR.  OF  MARINE  OPERATIONS.  INDERBITZEN);  Newark.  DE 
(Dept  of  Civil  Engineering,  Chesson) 

UNIVERSITY  OF  HAWAII  HONOLULU.  HI  (SCIENCE  AND  TECH.  DIV.) 

UNIVERSITY  OF  ILLINOIS  Metz  Ref  Rm.  Urhana  IL:  URBANA.  IL  (DAVISSON);  URBANA.  II.  (LIBRARY) 
UNIVERSITY  OF  MASSACHUSETTS  (Heronemus).  Amherst  MA  CE  Dept 
UNIVERSITY  OF  MICHIGAN  Ann  Arbor  Ml  (Richart) 

UNIVERSITY  OF  NEBRASKA  1. INCOLN  Lincoln.  NE  (Ross  Ice  Shelf  Proj.) 

UNIVERSITY  OF  NEW  HAMPSHIRE  DURHAM.  NH  (LAVOIE) 

UNIVERSI  TY  OF  RHODE  ISLAND  Narragansett  RI  (Pell  Marine  Sci.  Lib.) 

UNIVERSITY  OF  SO.  CALIFORNIA  Univ  So.  Calif 

UNIVERSITY  OF  TEXAS  Inst.  Marine  Sci  (Library).  Port  Arkansas  TX 

UNIVERSITY  OF  WASHINGTON  SEATTLE.  WA  (APPLIED  PHYSICS  LAB);  Seattle  WA  (E.  Linger) 

ALFRED  A.  YEE  & ASSOC.  Honolulu  HI 

AMETF.K  Offshore  Res.  & Engr  Div 

AMSCO  Dr.  R.  McCoy.  Eric.  PA 

ARCAIR  CO.  D.  Young.  Lancaster  OH 

ATLANTIC  RICHFIELD  CO.  DALLAS.  TX  (SMITH) 

USNA  Sys.  Engr.  Dept(R.  McCoy)  Annapolis.  MD 
BECHTEL  CORP.  SAN  FRANCISCO.  CA  (PHELPS) 

BELGIUM  HAECON.  N.V..  Gent 

BRAND  INDUS  SERV  INC.  J.  Buehler.  Hacienda  Heights  CA 
BRITISH  EMBASSY  Sci.  & Tech.  Dept.  (J.  McAuley).  Washington  DC 
BROWN  & CALDWELL  E M Saunders  Walnut  Creek,  CA 
BROWN  & R(X)T  Houston  TX  (D.  Ward) 

CANADA  Can-Dive  Services  (English)  North  Vancouver;  Library.  Calgary.  Alberta;  Lockheed  Petro.  Serv.  Ltd.  New 
Westminster  B.C.;  Lockheed  Petrol.  Srv.  Ltd..  New  Westminster  BC;  Mem  Univ  Newfoundland  (Chari).  St  Johns; 
Surveyor.  Nenninger  & C'hcnevert  Inc..  Montreal 
CHEVRON  OIL  FIELD  RESEARCH  CO.  LA  HABRA.  CA  (BROOKS) 

COLUMBIA  GULF  TRANSMISSION  CO.  HOUSTON.  TX  (ENG.  LIB.) 

CONCRETE  TECHNOLOGY  CORP.  TACOMA.  W A ( AN  DERSON ) 

DRAVO  CORP  Pittsburgh  PA  (Giannino) 

NORWAY  DETNORSKE  VERITAS  ( Library).  Oslo 
EXXON  PRODUCTION  RESEARCH  CO  Houston.  TX  (Chao) 

FRANCE  Dr.  Dutertre.  Boulogne;  P.  Jensen.  Boulogne;  Roger  LaCroix.  Paris 
GRUMMAN  AEROSPACE  CORP.  Bethpage  NY  (Tech.  Info.  Ctr) 

MAKAI  OCEAN  ENGRNG  INC.  Kailua.  HI 

l.AMONT-DOHF.RTY  GEOLOGICAL  OBSERV.  Palisades  NY  (Selwyn) 

LIN  OFFSHORE  ENGRG  P.  Chow,  San  Francisco  CA 
LOCKHEED  MISSILES  & SPACE  CO.  INC.  Sunnyvale.  CA  (Phillips) 

LOCKHEED  OCEAN  LABORATORY  San  Diego  CA(F.  Simpson) 

MARATHON  OIL  CO  Houston  TX  (C.  Seay) 

MC  CLELLAND  ENGINEERS  INC  Houston  TX  (B.  McClelland) 
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MOB1 1 PIPE  LINK  CO.  DALLAS.  TX  MGR  OF  ENGR(NOACK) 

NORWAY  A Tonim.  Trondheim;  DET  NORSKE  VERITAS  (Roren)  Oslo;  I Foss.  Oslo;  J Creed.  Slu;  Norwegian 
Tech  Univ  (Brand1  uieg).  Trondheim 
(X'FAN  ENGINEERS  SAUSALJTO.  CA  (RYNECKI) 

OCEAN  RESOURCE  ENG.  INC.  HOUSTON.  TX  (ANDERSON) 

OFFSHORE  DEVELOPMENT  ENG.  INC.  BERKELEY.  CA 

PORTLAND  CEMENT  ASSOC.  SKOKIE,  IL  (CORELY);  SKOKIE.  II.  (KLIEGER);  Skokie  II  (Rsch  A Dev  l.ah. 
Lib.) 

RA^  MOND  INTERN ATIONAI.  INC  . El  Colie  Soil  Tech  Dept,  Pennsauken  NJ 
SCHUPACK  ASS(K‘  SO.  NORWALK.  CT(SCHUPACK) 

SEATECHCORP  MIAMI.  FL(PERONI) 

SHELL  DEVELOPMENT  CO.  Houston  TX  <C\  Sellars  Jr.) 

SHELL  OIL  CO.  HOUSTON.  TX  ( MARSH  ALL);  Houston  TX  ( R.  de  C'astongrene) 

SWEDEN  GeoTech  Inst;  VBB  (Library).  Stockholm 
TIDEWATER  CONSTR.  CO  Norfolk  VA(  Fowler) 

UNITED  KINGDOM  British  Embassy  (Info.  Offr).  Washington  IX';  Cement  A Concrete  Assoc  We  sham  Springs. 
Slough  Bucks;  Cement  A Concrete  As  six:.  (Library),  Wexham  Springs.  Slough;  I).  New,  G.  Maunsell  A Partners. 
London;  Library.  Bristol;  R Rudham  Oxfordshire;  Shaw  A Hatton  (F.  Hansen).  London;  Taylor.  Woodrow  Constr 
(Stubbs),  Southall.  Middlesex;  Univ.  of  Bristol  lR.  Morgan).  Bristol 
WATT  BRIAN  ASSOC  INC  Houston.  TX 

WESTINGHOUSE  ELECTRIC  CORP.  Annapolis  MD  (Oceanic  Div  Lib.  Bryan) 

WOODWARD-C1.YDE  CONSULTANTS  PLYMOUTH  MEETING  PA  (CROSS  III) 

ADAMS.  CAPE  (RET)  Irvine.  CA 
BRAHTZU  Jolla.  CA 
BULLOCK  La  Canada 
R E.  BESIER  Old  Saybrook  C'T 
ENERGY  RAD  ADMIN.  H.  Skowbo.  Washington.  DC 
WM  TALBOT  Orange  C A 
CEC  Donofrio.  John  L.t  LT 
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